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(57) ABSTRACT

Provided is a cryogenic temperature measuring resistor
element including a metallic temperature measuring resistor
wire, an electric insulator made of a polycrystalline ceramic
material, and a filler filled between the electric insulator and
the temperature measuring resistor wire. The filler includes
polycrystalline inorganic electric insulating powder, par-
ticles of the insulating powder being connected by glass. The
glass has a lower softening point than respective melting
points of the inorganic electric insulating powder, the tem-
perature measuring resistor wire, and the electric insulator.
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1
CRYOGENIC TEMPERATURE MEASURING
RESISTOR ELEMENT

TECHNICAL FIELD

The present invention relates to a temperature measuring
resistor element for measuring temperatures in a cryogenic
temperature region of 4 K (K: unit of absolute temperature)
to 90 K.

BACKGROUND ART

Temperature measurement by a temperature measuring
resistor element is performed using a property whereby an
electric resistance of a temperature measuring resistor wire
housed in an interior of the temperature measuring resistor
element varies according to a temperature such that the
temperature of the temperature measuring resistor wire
serves as a temperature output of the temperature measuring
resistor element. More specifically, a specified current is
passed through lead wires connected to respective ends of
the temperature measuring resistor wire, an electric resis-
tance value is obtained from a voltage drop, and the electric
resistance value is converted into a temperature. As is well
known, a voltage drop measurement method includes a
two-wire system, a three-wire system, and a four-wire
system, depending on the number of bifurcations of the lead
wire.

In a usually employed configuration of a temperature
measuring resistor element, a coil-shaped temperature mea-
suring resistor wire is disposed in inorganic electric insu-
lating powder accommodated in a housing.

This configuration is usually employed in a temperature
measuring resistor element because of the easy manufacture
and the low cost. Another reason why this configuration is
typically employed is that when an external force is exerted
on the temperature measuring resistor wire due to a differ-
ence in the thermal expansion coefficient between the tem-
perature measuring resistor wire and a supporting structure
thereof, the length and the sectional area of the temperature
measuring resistor wire vary, leading to a variation in the
electric resistance and then a temperature measurement
error, but in the configuration where the coil-shaped tem-
perature measuring resistor wire is disposed in the inorganic
electric insulating powder, little force is exerted on the
temperature measuring resistor wire, and therefore a tem-
perature measurement error is unlikely to occur.

In a temperature measuring resistor element, a coil-
shaped temperature measuring resistor wire, to the opposite
ends of which lead wires are connected, is passed through
two longitudinal through holes formed in a cylindrical
electric insulator having a substantially circular cross-sec-
tion, and serving as an housing. The two lead wires con-
nected to the opposite ends of the resistor wire are exposed
from end portions of the two through holes, the end portion
being on the same side. The temperature measuring resistor
wire is disposed in filler in the through holes, the filler made
of an inorganic electric insulating powder being filled into
gaps in the through holes, and the opposite end portions of
the through holes are sealed by sealers to prevent the
internally placed filler from falling out.

Polycrystalline powder made of such material as alumina,
magnesia, silica, or a mixture of these materials is used as
the inorganic electric insulating powder serving as the filler.
A ceramic formed by molding a polycrystal made of such
material as alumina, magnesia, silica, a mixture of these
materials is used as the electric insulator.
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A polycrystalline adhesive having alumina, magnesia,
silica, zircon, or a mixture of these materials as a main
component is usually used as the sealer, and an enamel such
as epoxy resin may also be used. Further, as shown in FIG.
1A of Patent Document 2, the sealer is not provided in a
temperature measuring resistor element used in a condition
where there is no possibility that inorganic electric insulat-
ing powder falls out.

As described in JISC1604 “Temperature Measuring
Resistors”, platinum is usually used as a material for the
temperature measuring resistor wire. However, when a mea-
sured temperature falls to or below 73 K (-200° C.), a
variation rate in the electric resistance of the platinum
relative to a temperature variation decreases, leading to a
lowering of the measurement sensitivity, and therefore an
increase in the temperature measurement error, making
measurement impossible. Hence, when temperatures of 73 K
or less are also subject to measurement, a platinum-cobalt
alloy, as described in Patent Document 1 and Non-Patent
Document 1, is usually used as the material for the tem-
perature measuring resistor wire. With a platinum-cobalt
alloy, the measurement sensitivity lowers small even in a
low temperature region, and therefore temperature measure-
ment can be performed with a high degree of precision in a
temperature range of 4 K to at least 325 K, as illustrated in
Non-Patent Document 1. The reason why 4 K is a lower
limit is that 4 K is the boiling point of helium, and at
temperatures no higher than 4 K, temperature calibration is
difficult.

PRIOR ART DOCUMENTS
Patent Document

Patent Document 1: Japanese Unexamined Patent Publica-
tion No. S53-53758 “Temperature Detection Element
Material”

Patent Document 2: Japanese Unexamined Utility Model
Publication No. S57-126035 “Temperature Measuring
Resistor Element”

Non-Patent Document

Non-Patent Document 1: “Interchangeable Pt—Co Cryo-
genic Temperature Measuring Resistor” Yokogawa Tech-
nical Report (1988) Vol. 32 No. 3 P. 29-32

Problem to be Solved by the Invention

In a conventional temperature measuring resistor element
which uses a low temperature measuring resistor wire,
material of which is a platinum-cobalt alloy, being placed in
inorganic electric insulating powder accommodated in a
housing, there is the problem that arises at temperatures of
approximately 90 K or less, and the temperature measure-
ment error increases toward a positive side as the tempera-
ture decreases, especially the error increases rapidly in the
case where the temperature falls to or below 10 K. Table 1
shows the temperature measurement error according to a
temperature measuring resistor element, which uses a low
temperature measuring resistor wire, material of which is a
platinum-cobalt alloy, where the temperature is measured in
a low temperature region of 4 K to 10 K, and the current to
measure an electric resistance is set at standard values of 0.2
mA, 1 mA, and 2 mA. Further, FIG. 7 shows a graph
according to Table 1.
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TABLE 1

[MEASUREMENT RESULTS OBTAINED WITH CONVENTIONAL

TEMPERATURE MEASURING RESISTOR ELEMENT]

TEMPERATURE MEASUREMENT ERROR

MEASURED MEASUREMENT MEASUREMENT MEASUREMENT
TEMPERATURE CURRENT 0.2 mA  CURRENT 1.0 mA  CURRENT 2.0 mA
4K +1.1 K +4.1K +79K
8K +1.2 K +1.6 K +23K
10 K +0.4 K +0.6 K +1.0K

At a measured temperature of 90 K or higher, the mea-
sured voltage drop in the temperature measuring resistor
wire increases as the measurement current increases, leading
to an increase in the SN ratio (a ratio of a signal component
to a noise component), and therefore measurement can be
performed without being affected by noise. However, the
temperature measurement error in Table 1 and FIG. 7 shows
another problem that when the measurement current is
increased in order to reduce the effect of noise in a noisy
environment, the error increases.

As described above, with the conventional temperature
measuring resistor element, the positive side temperature
measurement error increases at temperatures of approxi-
mately 90 K or less, especially, in a temperature region of 10
K to 4 K. Also the error increases when the measurement
current is increased in order to increase the SN ratio.

A possible cause of the error is that when the temperature
falls to or below 90 K, air existing in spaces in the inorganic
electric insulating powder begins to liquefy due to a reduc-
tion in the saturated vapor pressure caused by the tempera-
ture reduction. It deteriorates the function that the air serves
as a heat transmitting medium in the gas state, leading to a
reduction in the thermal conductivity. As a result, the ability
of radiating a Joule heat generated by the measurement
current decreases, so that the temperature of the temperature
measuring resistor wire becomes higher than an outside
temperature.

In other words, at a temperature where the air exists in the
gas state, the Joule heat generated in the temperature mea-
suring resistor wire by the measurement current is radiated
to the outside by the way of the housing, i.e., the electric
insulator, owing to transmission through the inorganic elec-
tric insulating powder and transmission by molecular move-
ments of the air existing in the inorganic electric insulating
powder, and therefore the difference between the outside
temperature and the temperature of the temperature measur-
ing resistor wire remains very small. When the temperature
falls to or below 90 K, however, the air component begins
to liquetfy, and when the temperature falls to or below 10 K,
substantially the entire amount of air changes to liquid
droplets, and then solidifies, and the volume of the air
becomes extremely small, with the result that the inorganic
electric insulating powder exists in substantially vacuum.

Hence, the Joule heat generated in the temperature mea-
suring resistor wire is conducted only through the inorganic
electric insulating powder, and radiated to the outside via the
electric insulator. As a result of this deterioration in the heat
radiation performance, it is considered that the Joule heat is
not radiated sufficiently, and therefore, at 90 K or less, the
temperature of the temperature measuring resistor wire
begins to be higher than the outside temperature. While in
the low temperature region of 10 K to 4 K, the temperature
of the temperature measuring resistor wire reaches tempera-
tures such as those shown in Table 1 and FIG. 7. Moreover,
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the Joule heat is proportionate to the square of the measure-
ment current, and therefore the Joule heat increases as the
measurement current increases, contributing to an increase
in the temperature of the temperature measuring resistor
wire due to insufficient radiation of the Joule heat.

In a low temperature region where substantially all of the
gas liquefies and solidifies, a high vacuum condition is
naturally established. Even in the temperature measuring
resistor element of a structure having no sealer, as shown in
FIG. 1(a) of Patent Document 2, there is the similar problem
that the inorganic electric insulating powder exists in the
vacuum state, and then a temperature measurement error
occurs on the positive side.

SUMMARY OF THE INVENTION

The present invention has been worked out in consider-
ation of the error described above, and an object thereof is
to provide a temperature measuring resistor element that can
measure temperatures with a high degree of precision in a
cryogenic temperature region of 90 K to 4 K.

According to an aspect of the invention, a cryogenic
temperature measuring resistor element comprises a tem-
perature measuring resistor wire, a housing for accommo-
dating the temperature measuring resistor wire, and filler
filled between the housing and the temperature measuring
resistor wire, the filler including polycrystalline inorganic
electric insulating powder, particles of the insulating powder
being connected with one another by glass.

Further features, objects, configurations, actions, and
effects of the present invention can be understood easily
from the following detailed description, which is to be read
together with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view of a cryogenic
temperature measuring resistor element according to the
present invention.

FIG. 2 is a sectional view of the cryogenic temperature
measuring resistor element shown in FIG. 1, taken along
-1

FIG. 3 is a graph showing results of a test of a relationship
between a temperature measurement error and a heating
temperature to melt glass powder according to the present
invention, performed using a measuring instrument that is
made to output a temperature on the higher side in accor-
dance with a set value of a relationship between an electric
resistance value and a temperature.

FIG. 4 is a graph showing results of the test of the
relationship between the temperature measurement error and
the heating temperature to melt the glass powder according
to the present invention, performed using a measuring
instrument that is made to output the temperature on the
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lower side in accordance with the set value of the relation-
ship between the electric resistance value and the tempera-
ture.

FIG. 5 is a graph showing results of a test of a relationship
between a mixing ratio of the glass powder according to the
present invention and a variation in a temperature measure-
ment value when an electric resistance value measurement
current is increased.

FIG. 6 is a graph showing a relationship between the
temperature measurement error and a measured temperature
obtained by the cryogenic temperature measuring resistor
element according to the present invention.

FIG. 7 is a graph showing the relationship between the
temperature measurement error and the measured tempera-
tures of cryogenic temperature measuring resistor elements
for comparison with a conventional example.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE PRESENT
INVENTION

The present inventor created a temperature measuring
resistor element to be described below as a result of com-
mitted research with the aim of preventing the problems
observed in the temperature measuring resistor element
according to the prior art, namely that at temperatures of 90
K or less, the temperature measurement error increases
toward the positive side as the temperature decreases, the
error increases particularly in the low temperature region of
10 K to 4 K, and the error also increases when the mea-
surement current is increased in order to increase the SN
ratio.

A cryogenic temperature measuring resistor element
includes a temperature measuring resistor wire, a housing in
which the temperature measuring resistor wire is accommo-
dated, and a filler filled between the housing and the
temperature measuring resistor wire. The filler includes a
mixture of polycrystalline inorganic electric insulating pow-
der and glass powder, the glass powder is made of an
amorphous electric insulating material having a softening
point lower than respective melting temperatures of the
inorganic electric insulating powder, the temperature mea-
suring resistor wire, and the housing. The filler is filled
between the housing and the temperature measuring resistor
wire, and is heated at a temperature higher than the softening
point of the glass powder and lower than the respective
melting temperatures of the inorganic electric insulating
powder, the temperature measuring resistor wire, and the
housing so as to melt only the glass powder. Thereafter, the
glass powder is cooled and then solidified.

The present invention is different from the conventional
one, the filler of which includes only a polycrystalline
inorganic electric insulating powder. In the present inven-
tion, a mixture of a polycrystalline inorganic electric insu-
lating powder and a glass powder made of an amorphous
electric insulating material is filled between the housing and
the temperature measuring resistor wire as the filler, and the
filler is heated at a heating temperature higher than the
softening point of the glass powder so as to melt the glass
powder in the housing, and then cooled to solidify the glass
powder.

Amorphous glass begins to melt when the temperature
thereof exceeds a transition point. At this point, a solid
substance begins to have a liquid property. When the tem-
perature is increased further so as to reach the temperature
of the softening point, which is also known as the Littleton-
point, the glass melts to a condition where it deforms under
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its own weight. Hence, the glass powder in the filler is
heated to or above the softening point to thereby spread
through spaces in the inorganic electric insulating powder,
and then cooled to permit a considerable amount of inor-
ganic electric insulating powder to be connected by the
glass.

The metals, single crystals, and polycrystals, on the other
hand, do not have a transition point and a softening point,
and therefore substantially maintain their shape until the
temperature thereof reaches the melting point. When the
temperature exceeds the melting point, these substances
melt into the liquid form.

The heating temperature is therefore set at a temperature
no higher than the respective melting point of the inorganic
electric insulating powder, the temperature measuring resis-
tor wire, and the housing, and no lower than the softening
point of the glass powder.

According to an aspect of the present invention, by
melting only the glass powder mixed into the inorganic
electric insulating powder, a considerable number of par-
ticles of the inorganic electric insulating powder are con-
nected with one another by the glass. As a result of this
connection, the high thermal conductivity is realized, and
therefore, the phenomenon observed in the prior art will not
arise even when a gas such as air existing in spaces in the
inorganic electric insulating powder liquefies and then
solidifies in a low temperature region of 90 K or less due to
the low temperature, leading to the poor radiation of the
Joule heat generated by the measurement current, and the
positive side temperature measurement error occurs. As a
result, the temperature measurement can be performed with
a high degree of precision and without being affected by
Joule heat, even when decreasing to a low temperature of 4
K. Moreover, since the thermal conductivity of the filler is
maintained even at low temperatures, a temperature
response of the temperature measuring resistor wire relative
to a temperature variation in the measurement subject does
not deteriorate. As a result, the additional effect that a
response speed in the temperature measurement does not
decrease can be also obtained.

The polycrystalline powder of alumina, magnesia, silica,
or a mixture of these materials may be used as a material for
the inorganic electric insulating powder of the filler, in the
same way as the conventional inorganic electric insulating
powder. Further, the ceramic formed by molding a poly-
crystal made of alumina, magnesia, silica, or a mixture of
these materials may be used as a material for the housing in
the same way as the conventional housing. The melting
points of these materials are all no lower than 1500° C.,
while the softening point of the amorphous glass, excluding
special high-temperature glass, is no higher than 800° C.

The wire which is described in Patent Document 1 and
Non-Patent Document 1, and is made of a platinum-cobalt
alloy and exhibits preferable measurement precision in a low
temperature region may be used for the temperature mea-
suring resistor wire, in the conventional way. The melting
point of the platinum-cobalt alloy is much higher than the
softening point of the glass, excluding special high-tempera-
ture glass.

With the melting points and softening points of the
materials described above, it is possible to perform heating
so as to melt only the glass powder while maintaining the
shapes of the inorganic electric insulating powder, the hous-
ing, and the temperature measuring resistor wire.

As described in Non-Patent Document 1, the electric
resistance value of the platinum-cobalt alloy varies accord-
ing to an amount of internal strain. Therefore, when the



US 9,464,947 B2

7

internal strain varies, the temperature measurement value
also varies, leading to an error. Meanwhile, the degree of
annealing in the temperature measuring resistor wire made
of platinum-cobalt alloy varies in accordance with the
heating temperature to melt the glass powder, leading to a
variation in the amount of internal strain therein. Therefore,
the heating temperature to melt the glass powder is prefer-
ably set at a temperature which ensures the internal strain
keeping the temperature measurement error smaller. In con-
sideration of these points, an alloy having 0.5 mol % of
cobalt to platinum is preferably used as the material for the
temperature measuring resistor wire, and the heating tem-
perature is preferably 460° C. or higher and 520° C. or
lower. In this temperature range, the temperature measure-
ment error of the cryogenic temperature measuring resistor
element according to the present invention in a low tem-
perature region can be suppressed, as illustrated by results of
tests to be described later.

Further, by heating the glass powder in the filler to or
above the softening point, the glass powder melts so as to
spread through spaces in the inorganic electric insulating
powder. When the glass powder is cooled, a considerable
amount of the inorganic electric insulating powder is con-
nected by the glass. To make the glass powder spread
through spaces in the inorganic electric insulating powder
reliably, the heating temperature is preferably set at a
temperature at least 50° C. or more higher than the softening
point. In other words, the heating temperature is preferably
set at 460° C. or higher and 520° C. or lower while using a
glass powder having a softening point of 410° C. or lower.

A cryogenic temperature measuring resistor element that
is economical, and does not contain poisonous substances,
and exhibits a small temperature measurement error can be
realized by employing alumina powder as the material for
the inorganic electric insulating powder, the alumina powder
being inexpensive and exhibits comparatively high thermal
conductivity among inorganic electric insulating materials,
and employing the mixture of bismuth oxide (Bi,O;) as a
main component, zinc oxide (Zn0O), and boron oxide (B,0;)
as a material for the glass powder that is chemically stable
and easy to handle, not containing poisonous components
such as lead, and has an electric insulation property and a
softening point temperature of approximately 405° C.

Regarding the mixing ratio of the glass powder relative to
the inorganic electric insulating powder in the filler, when
the mixing ratio is smaller, the particles of the inorganic
electric insulating powder are not connected sufficiently by
the glass, and therefore the improvement in the thermal
conductivity is limited and a positive side temperature
measurement error is likely to occur due to the Joule heat.
When the mixing ratio is greater, on the other hand, the glass
properties become dominant, and the force restraining the
temperature measuring resistor wire increases. A resulting
thermal expansion difference between the temperature mea-
suring resistor wire and the filler causes a variation in the
length and sectional area of the temperature measuring
resistor wire, and a variation in the internal strain of the
temperature measuring resistor wire, leading to a variation in
the electric resistance, and as a result, the temperature
measurement error increases.

Thus, the temperature measurement error increases where
the mixing ratio of the glass powder to the inorganic electric
insulating powder is either smaller or greater. In this regard,
by using alumina powder as the inorganic electric insulating
powder, and a material containing bismuth oxide as a main
component, zinc oxide, and boron oxide as the glass powder,
and mixing them at a ratio of the glass powder within a range
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of'3.5 wt % to 10.0 wt %, the temperature measuring resistor
element can be obtained that exhibits preferable thermal
conductivity, and suppresses the force restraining the tem-
perature measuring resistor wire, and exhibits a small tem-
perature measurement error as shown by the results of the
tests to be described later. A value of the mixing ratio of the
glass powder is a proportion of the glass powder relative to
a total weight of the inorganic electric insulating powder and
the glass powder (hereafter, wt % indicating the amount of
glass powder in the filler denotes a proportion relative to the
total weight), and the specific gravity of the glass powder is
7.4.

An appropriate internal strain of a temperature measuring
resistor wire which is made of an alloy of platinum including
0.5 mol % of cobalt can be obtained by setting the heating
temperature to melt the glass powder at no lower than 460°
C. and no higher than 520° C. As a result, the temperature
measurement error decreases. However, it is not preferable
to realize appropriate internal strain by the restraining force
exerted on the temperature measuring resistor wire by the
filler having an increased glass powder mixing ratio because
the internal strain generated by the restraining force is
brought about by a thermal expansion difference between
the temperature measuring resistor wire and the filler, and
therefore varies according to temperature. Also, the thermal
expansion difference causes the length and sectional area of
the temperature measuring resistor wire to vary, leading to
an undesirable temperature measurement error. Hence, in the
present invention, the internal strain is adjusted using the
heating temperature to melt the glass powder, whereas the
restraining force exerted by the filler is suppressed.

Since the restraining force exerted on the temperature
measuring resistor wire by the filler is suppressed, forming
the temperature measuring resistor wire into a coil shape
brings about an effect of further reducing the variation in the
length and sectional area of the temperature measuring
resistor wire and the variation in the internal strain caused by
the thermal expansion difference between the temperature
measuring resistor wire and the filler, and thereby reducing
the measurement error.

Furthermore, the aspect of the present invention described
above can be applied easily to the structure of the widely
used, conventional temperature measuring resistor element,
and by applying the present invention thereto, a temperature
measuring resistor element that is easy to manufacture and
inexpensive can be realized. Note that in the conventionally
structured temperature measuring resistor element, the
opposite end portions of the through holes are sealed by the
sealer made of an electric insulating material to keep the
inorganic electric insulating powder in the through holes
from falling out. However, in the cryogenic temperature
measuring resistor element according to the present inven-
tion, the inorganic electric insulating powder is connected by
the glass powder after melting the glass powder, therefore
the possibility of falling out is eliminated. Hence, the sealer
can be eliminated. Nevertheless, there is a possibility of the
mixture of inorganic electric insulating powder and glass
powder falling out during the manufacturing process prior to
melting of the glass powder, unless a sealer is provided. This
possibility can be avoided by providing the sealer. A poly-
crystalline adhesive having alumina, magnesia, silica, zir-
con, or a mixture of these materials as a main component
may be used as a sealer in the same way as the conventional
sealer. Heat-resistant temperatures of these adhesives are all
at least 1000° C., which is sufficiently higher than the
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softening point of usual glass that is no higher than 800° C.,
and therefore the adhesives are not damaged by heating to
melt the glass powder.

By replacing the inorganic electric insulating powder
filled into the gaps between the housing and the temperature
measuring resistor wire in the conventional temperature
measuring resistor element with a mixture of inorganic
electric insulating powder and glass powder, and heating the
mixture to or above the melting temperature of the glass
powder, consequently improving the thermal conductivity.
This prevents the phenomena observed in the prior art that
the temperature measurement error increases toward the
positive side as the temperature decreases at temperatures of
90 K or less, the error increases particularly rapidly in the
low temperature region of 10 K to 4 K, and the error
increases when the measurement current is increased in
order to increase the SN ratio, and thus can realize a
temperature measuring resistor element that can measure
temperatures with a high degree of precision without being
affected by the measurement current value even in the
cryogenic temperature region of 90 K to 4 K.

An embodiment of the present invention will be described
below with reference to the attached drawings. FIGS. 1 and
2 show a specific structure of a temperature measuring
resistor element according to an embodiment of the present
invention. The basic frame is similar to the conventional
structure, but the temperature measuring resistor element of
the present invention has the following novel features. The
conventional structure wherein the filler 6 is polycrystalline
inorganic electric insulating powder is different from this
embodiment wherein a mixture of a polycrystalline inor-
ganic electric insulating powder and a glass powder of an
amorphous electric insulating material are used, and the
mixture is heated at a higher heating temperature than a
softening point of the glass powder so as to melt the glass
powder alone, and then cooled so as to solidify the glass
powder.

FIG. 1 is the lengthwise direction sectional view, and FIG.
2 is the sectional view taken along II-II in FIG. 1. FIG. 1
shows an outer surface of a coil portion of a temperature
measuring resistor wire 4.

As shown in FIG. 1, a temperature measuring resistor
element 1 according to this embodiment includes an electric
insulator 2 forming an outer shell, a temperature measuring
resistor wire 4 accommodated in the electric insulator 2, and
the filler 6, which is filled between the electric insulator 2
and the temperature measuring resistor wire 4.

The electric insulator 2 is a polycrystalline ceramic made
of'a material such as alumina, magnesia, silica, or a mixture
of these materials, and is formed in a cylindrical shape that
has a substantially circular cross-section, and includes two
through holes in an axial direction. A preferable example of
the electric insulator 2 is an electric insulator having an outer
diameter of $1.4 mm and a length of 10.5 mm, formed from
a ceramic having a mixture of alumina and silica as a
material. A diameter of the two through holes 3 is set at ¢0.4
mm, for example. An electric insulator having a single
through hole formed in a cylindrical shape may also be
employed as another example of the electric insulator 2. In
this case, the temperature measuring resistor wire 4 may be
accommodated either in a folded back condition within the
through hole or a non-folded back condition.

The temperature measuring resistor wire 4 is accommo-
dated in the respective through holes 3 of the electric
insulator 2. In this embodiment, the temperature measuring
resistor wire 4 is a coil-shaped platinum-cobalt alloy. The
temperature measuring resistor wire 4 is inserted so as to
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pass through the two through holes 3 in the electric insulator
2 such that one end portion and the other end portion of the
temperature measuring resistor wire 4 project from identical
sides of the respective through holes 3. A preferable example
of the temperature measuring resistor wire 4 shown in FIGS.
1 and 2 is a wire having an outer diameter of $20 um and
having a platinum-cobalt alloy including 0.5 mol % of cobalt
as a material. As illustrated in Patent Document 1, the cobalt
content may be set between 0.05 mol % and 2.0 mol %, for
example. Instead of a platinum-cobalt alloy, another resistor
wire used in a cryogenic temperature region, for example an
alloy of rhodium and iron, may be employed.

Further, lead wires 5 are connected respectively to the one
end portion and the other end portion of the temperature
measuring resistor wire 4. A preferable example of the lead
wire 5 includes an alloy of platinum and rhodium, which
exhibits little electric resistance and therefore has little effect
on a measured value of an electric resistance of the tem-
perature measuring resistor wire.

The filler 6 is filled into the interior of the through holes
3. The filler 6 is filled between the electric insulator 2 and the
temperature measuring resistor wire 4 so as to hold the
temperature measuring resistor wire 4 mechanically, and
also to function as a heat medium for radiating a Joule heat
generated by a measurement current to the outside through
the electric insulator 2. In this embodiment, the filler 6 is
configured by a polycrystalline inorganic electric insulating
powder made of a material such as alumina, magnesia,
silica, a mixture thereof, or the like, and glass serving as an
amorphous electric insulating material mixed into the inor-
ganic electric insulating powder. The filler 6 is formed by
mixing glass powder uniformly into the inorganic electric
insulating powder, heating the mixture at or above a prede-
termined temperature to melt the glass powder, and then
reducing the temperature to solidify the glass powder. The
majority of the inorganic electric insulating powder is con-
nected by the solidified glass.

As a result of this connection, the filler 6 exhibits high
thermal conductivity even in a cryogenic temperature region
and therefore maintains its function for radiating the Joule
heat generated by the measurement current. Hence, the filler
6 has an effect of reducing a temperature measurement error
in the cryogenic temperature region.

A preferable example of the inorganic electric insulating
powder in the filler 6 is alumina powder, for example, which
exhibits comparatively high thermal conductivity and is
inexpensive.

Sealers 7 are provided on both end portions of the electric
insulator 2. The sealers 7 are provided on both end portions
of the electric insulator 2 to seal the end portions of the
through holes 3 on both sides, thereby preventing the filler
6 filled into the interior of the through holes 3 from falling
out. Sealing is performed using a polycrystalline adhesive
having alumina, silica, zircon, or a mixture of these mate-
rials as a main component. In the present invention, the
sealer 7 is not mandatory and may be omitted.

In manufacturing the temperature measuring resistor ele-
ment 1 according to this embodiment, the temperature
measuring resistor wire 4 is passed through the interior of
the electric insulator 2 such that the respective end portions
thereof are aligned on one end side of the electric insulator
2, as shown in FIG. 1. In this condition, the through holes 3a
are filled with mixture obtained by uniformly mixing the
inorganic electric insulating powder with the glass powder
of an amorphous electric insulating material having a soft-
ening point lower than respective melting points of the
electric insulator 2, the temperature measuring resistor wire
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4, and the inorganic electric insulating powder. If necessary,
sealing is made using the sealer 7. Next, the resulting
assembly is inserted into an electric furnace and heated, say,
for two hours at a preset heating temperature. In the case of
the temperature measuring resistor element 1 using the
temperature measuring resistor wire 4 made of an alloy of
platinum and 0.5 mol %, heating temperature is set at or
above the softening point of the glass powder, and preferably
ranges between 460° C. or higher and 520° C. or lower
where internal strain due to annealing of the temperature
measuring resistor wire 4 occurs appropriately.

In the temperature measuring resistor element 1 subjected
to heating processing in this manner, the glass powder in the
filler 6 is melted in the interior. The glass powder melted is
then solidified such that particles of the inorganic electric
insulating powder are connected with one another by the
glass. Thus, the temperature measuring resistor element 1
can enhance the effect of reducing the temperature measure-
ment error in the cryogenic temperature region because the
function of radiating the Joule heat generated by the mea-
surement current even in the cryogenic temperature region
can be maintained, and an internal strain occurs in the
temperature measuring resistor wire 4 in an appropriate
amount.

The glass powder melts and spreads through spaces in the
inorganic electric insulating powder when heated to or
above the softening point thereof. In addition, to ensure that
melting occurs reliably in the aforesaid heating temperature
range of no lower than 460° C. and no higher than 520° C.,
a material having a comparatively low softening point is
preferably employed as the glass powder. For example, one
preferable example is a glass powder having bismuth oxide
as a main component and a softening point of approximately
405° C. In this case, even the lower limit heating tempera-
ture of 460° C. is at least 50° C. higher than the softening
point, and therefore the glass powder can be melted reliably.
Moreover, this glass produces non-lead glass powder con-
taining substantially no harmful lead component.

In the cryogenic temperature measuring resistor element
1 according to this embodiment, the inorganic electric
insulating powder includes alumina powder, and the glass
powder has bismuth oxide as a main component with zinc
oxide and boron oxide added thereto to obtain a specific
gravity of 7.4. A mixing ratio of the glass powder in the filler
6 is preferably set within a range of 3.5 wt % to 10.0 wt %.
The setting of the mixing ratio within this range makes it
possible that the inorganic electric insulating particles are
connected with one another by the glass which can suffi-
ciently maintain high thermal conductivity in the cryogenic
temperature region, and that the force restraining the tem-
perature measuring resistor wire 4 is suppressed to thereby
minimize the deformation of the temperature measuring
resistor wire 4 and variation in the internal strain thereof
caused by thermal expansion. As a result, a temperature
measuring resistor element 1 that exhibits a small tempera-
ture measurement error even in the cryogenic temperature
region can be obtained.

Next, effects of the present invention described above and
test results supporting the above embodiment will be
described.

Three tests 1 to 3 described below were performed.
Common items in the test samples and contents of the three
tests are as follows.

All of the test samples were configured as shown in FIGS.
1 and 2.

As for the temperature measuring resistor wire 4, a wire
made of an alloy of platinum and 0.5 mol % of cobalt having
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an outer diameter of $20 pm was used. As for the lead wire
5, a wire having an outer diameter of $0.2 mm made of an
alloy of platinum and rhodium was used.

As for the electric insulator 2, it was manufactured using
a ceramic formed by molding a mixture of alumina and silica
having an outer diameter of ¢1.4 mm and a length of 10.5
mm. Diameter of the two through holes 3 provided in the
lengthwise direction was set at $0.4 mm. As for the sealer
7A, a heat-resistance adhesive having alumina as a main
component was used.

As for filler 6, alumina powder into which glass powder
was mixed was used. The glass powder includes bismuth
oxide as a main component and zinc oxide and boron oxide
added thereto, and has a specific gravity of 7.4 and a
softening point temperature of 405° C.

After assembling these components into the shape shown
in FIGS. 1 and 2, the cryogenic temperature measuring
resistor element 1 was formed by applying heating to melt
the glass powder. Note that the heating time for melting the
glass powder was set at two hours, and the electric resistance
value was measured by the four-wire system.

[Test 1: Test Relating to Heating Temperature to Melt
Glass Powder]

The electric resistance value of the temperature measuring
resistor wire, material of which includes a platinum-cobalt
alloy varies in accordance with the amount of internal strain.
The degree of annealing of the temperature measuring
resistor wire varies in accordance with the heating tempera-
ture to melt the glass powder, leading to a variation in the
amount of internal strain. Therefore, the temperature mea-
surement error increases or decreases in accordance with the
heating temperature to melt the glass powder.

To determine a heating temperature to realize appropriate
internal strain and a small temperature measurement error,
five samples of the cryogenic temperature measuring resistor
element according to the present invention were manufac-
tured with the mixing ratio of the glass powder mixed into
the alumina powder of the filler 6 set at 4.2 wt %. The
heating temperature to melt the glass powder in the respec-
tive samples was varied within a range 0f 455° C. t0 540° C.,
and the temperature measurement error at 90 K and 10 K
was tested. These heating temperatures were at least 50° C.
higher than the softening point temperature 405° C. of the
glass powder used in the tests.

The current for measuring the electric resistance value
was set at 2 mA, and the temperature measurement error was
measured by using a germanium thermometer, as a standard
thermometer, calibrated by a public institution.

It has not yet been established an official standard such as
JIS specifying a relationship between the electric resistance
value and the temperature of a temperature measuring
resistor wire, material of which includes a platinum-cobalt
alloy, and therefore, respective manufacturers have slightly
different relationship between the temperature and the elec-
tric resistance value set in their measuring instruments
which outputs the temperature by measuring the electric
resistance of the temperature measuring resistor wire, mate-
rial of which includes a platinum-cobalt alloy, and convert-
ing the electric resistance into a temperature.

The test was implemented using a measuring instrument
that is made to output a temperature on the higher side in
accordance with the relationship between the electric resis-
tance value and the temperature set in the measuring instru-
ment, and a measuring instrument that is made to output a
temperature on the lower side in accordance with this
relationship. Table 2 shows test results, and FIGS. 3 and 4
show graphs according to Tables 2.
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[TEST RESULTS OF TEST 1]

HEATING
MEASURING TEMPERATURE TEMPERATURE TEMPERATURE
INSTRUMENTS TO MELT GLASS MEASUREMENT MEASUREMENT
USED IN TEST POWDER ERROR AT 10 K ERROR AT 90 K
INSTRUMENT 1 455° C. +3.2K +0.6 K
480° C. +1.5K +0.3 K
505° C. -0.1K 0.0 K
510° C. -0.8 K -0.1K
540° C. -22K -04 K
INSTRUMENT 2 455° C. +14K +0.1 K
480° C. -02K -03K
505° C. -1.7K -05K
510° C. -24K -0.6 K
540° C. -37K -09K

Instrument 1 on Table 2 denotes a measuring instrument
that is made to output a temperature on the higher side in
accordance with the relationship between the electric resis-
tance value and the temperature set in the measuring instru-
ment, and the test results obtained using this measuring
instrument are as shown in FIG. 3. Instrument 2 denotes a
measuring instrument that is made to output a temperature
on the lower side, and the test results obtained using this
measuring instrument are as shown in FIG. 4. It is evident
from FIG. 3 that when the heating temperature to melt the
glass powder is set within a range of 490° C. to 520° C., the
temperature measurement error is within approximately 1°
C. Further, it is evident from FIG. 4 that the temperature
measurement error is within approximately 1° C. within a
range of 460° C. to 490° C.

The results of FIGS. 3 and 4 show that in the temperature
measuring resistor element according to the present inven-
tion, by setting the heating temperature to melt the glass
powder at no lower than 460° C. and no higher than 520° C.
and at least 50° C. higher than the softening point tempera-
ture of the glass powder, a temperature measurement error of
no more than approximately 1° C. is obtained from 90 K to
10 K using any of a measuring instrument that is made to
output a temperature on the higher side in accordance with
the set relationship between the electric resistance value and
the temperature, a measuring instrument that is made to
output a temperature on the lower side, and a measuring
instrument that outputs an intermediate temperature.

The results of FIG. 3 further show that when the heating
temperature to melt the glass powder is set at 503° C. and a
measuring instrument that is made to output a temperature
on the higher side in accordance with the set relationship
between the electric resistance value and the temperature is
used, the temperature measurement error is substantially
zero. In the following tests, therefore, the heating tempera-
ture to melt the glass powder is set at 503° C. and a
measuring instrument that is made to output a temperature
on the higher side in accordance with the set relationship
between the electric resistance value and the temperature is
used.

[Test 2: Test for Inspecting Relationship Between Mixing
Ratio of Glass Powder and Error Caused by Joule Heat]

The temperature measurement error in the test results of
FIGS. 3 and 4 contains an error caused by the Joule heat
generated by the current passed through the temperature
measuring resistor wire 4 to measure the electric resistance
value. Following test was implemented for inspecting as to
whether the alumina powder particles have been connected
by the glass such that sufficient Joule heat is radiated.
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In the aforesaid JISC1604, three currents, namely 0.5 mA,
1 mA, and 2 mA, are defined as currents for measuring the
electric resistance value of a temperature measuring resistor.
However, 2 mA is preferably employed to increase the SN
ratio and suppress the effect of noise. To evaluate a positive
side temperature measurement error caused by the Joule heat
generated at a measurement current of 2 mA, variation in a
temperature measurement value following an increase in the
current from 0.2 mA to 2 mA was tested at various glass
powder mixing ratios.

Table 3 shows results obtained by testing variation in
temperature measurement values under conditions where
measurement current is changed with respect to the cryo-
genic temperature measuring resistor elements according to
the present invention. Each of mixing ratios of the glass
powder mixed into the alumina powder of the filler 6 was set
at five variations: 1.8 wt %, 3.5 wt %, 4.2 wt %, 6.1 wt %,
and 9.9 wt %. FIG. 5 shows a graph according to Table 3.
The test was performed at temperatures of 8 K and 10 K. For
the mixing ratios of 4.2 wt % and above, the test was also
performed at 20 K.

TABLE 3

[MEASUREMENT RESULTS OF TEST 2]

TEMPERATURE MEASUREMENT
VALUE VARIATION WHEN
MEASUREMENT CURRENT

MIXING RATIO OF INCREASED FROM 0.2 mA to 2.0 mA

GLASS POWDER 8K 10 K 20 K
1.8 wt % +0.48 K +0.33 K —
3.5 wt% +0.06 K +0.05 K —
4.2 wt % +0.08 K +0.06 K +0.02 K
6.1 wt % +0.06 K +0.05 K +0.02 K
9.9 wt % +0.03 K +0.03 K +0.02 K

As shown in FIG. 5, when the mixing ratio of the glass
powder is at or above 3.5 wt %, variation in the temperature
measurement value remains at or below the minute value of
0.1° C. even after the current for measuring the electric
resistance value is increased from 0.2 mA to 2 mA. The
Joule heat is proportionate to the square of the current.
Therefore, the Joule heat is considered to increase 100 times
in this case, and the Joule heat can be seen to be radiated
sufficiently to the outside. Consequently, even when the
maximum current 2 mA defined by JIS for measuring the
electric resistance value is applied, the error occurring on the
positive side due to the Joule heat remains small enough to
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be ignored, provided that the mixing ratio of the glass tance material other than an alloy of platinum and rhodium
powder is within a range of 3.5 wt % to at least 10.0 wt %. may be used as the lead wire, and any electric insulating
In FIG. 5, when the mixing ratio is set at 1.8 wt %, the adhesive that can withstand the heating temperature to melt
temperature measurement value increases to the positive the glass powder may be used as the sealer.
side as the current increases. It can be seen that the connec- 5 Moreover, any material may be applied as the material for
tion is insufficient due to too small amount of glass, and the glass powder as long as the softening point temperature
therefore the generated Joule heat remains in the interior, thereof is not high enough to give a large variation to the
causing the temperature of the temperature measuring resis- internal strain of the temperature measuring resistor wire.
tor wire to rise. The cryogenic temperature measuring resistor element
[Test 3: Test for Inspecting Temperature Measurement 10 according to the present invention is suitable as a tempera-
Error in Low Temperature Region of 10 K to 4 K] ture sensor element for measuring a temperature in a cryo-
The cryogenic temperature measuring resistor element genic temperature region of 4 K to 90 K, such as a tem-
according to the present invention was manufactured with perature in a cryopump or a temperature in a hydrogen
the mixing ratio of the glass powder mixed into the alumina station.
powder of the filler 6 set at 7.7 wt %. The temperature 15  The method according to the present invention of mixing
measurement error in a low temperature region of 4K to 10 glass powder into the inorganic electric insulating powder
K was tested. The temperature measurement error was and melting the glass powder can keep the thermal conduc-
measured using a germanium thermometer as a standard tivity from reducing due to liquefaction and solidification of
thermometer, which is calibrated by a public institution. a gas such as air existing in the through holes during use in
Table 4 shows test results obtained at measurement cur- 20 a low temperature region.
rents of 0.2 mA, 1 mA, and 2 mA, and FIG. 6 shows a graph When the thermal conductivity decreases, the heat move-
according to Table 4. ment amount decreases such that the temperature of the
TABLE 4

[MEASUREMENT RESULTS OBTAINED BY TEMPERATURE MEASURING
RESISTOR ELEMENT ACCORDING TO PRESENT INVENTION IN TEST 3]

TEMPERATURE MEASUREMENT ERROR

MEASURED MEASUREMENT MEASUREMENT MEASUREMENT
TEMPERATURE CURRENT 0.2 mA  CURRENT 1.0 mA  CURRENT 2.0 mA

4K 00K +0.1 K +0.1 K
8K +0.1 K +0.1 K +0.1 K
10K +0.1 K +0.1 K +0.1 K
35
The conventional temperature measuring resistor ele- temperature measuring resistor wire does not respond favor-
ment, the temperature measurement error of which is shown ably to a temperature variation in the measurement subject.
on Table 1 and in FIG. 7, differs from the temperature As a result, a response speed of the temperature measure-
measuring resistor element used in Test 3 only in that glass ,, ment decreases. With the method according to the present
powder is not mixed into the filler 6 and heating for melting invention of mixing glass powder into the inorganic electric
the glass powder is not performed. All other structures, insulating powder and melting the glass powder, a reduction
dimensions, and materials are identical. in the thermal conductivity due to liquefaction and solidi-
When the temperature measurement error of Table 4 and fication does not occur, and therefore this problem can be
FIG. 6 is compared with the temperature measurement error 45 avoided.
in the conventional temperature measuring resistor element A sheath thermocouple, in which a thermocouple element
shown on Table 1 and in FIG. 7, it can be seen that by mixing is accommodated in a metal sheath with an inorganic electric
glass powder into the filler 6 and melting the glass powder, insulating powder, may often be used as a temperature
the error is greatly reduced. sensor for use in a cryogenic temperature region. In the case
The present invention is not limited to the embodiment 50 of a sheath thermocouple, the current for measuring the
described above, and various modifications may be added electric resistance value is not required, and therefore, in
thereto within a scope that does not depart from the spirit of contrast to a temperature measuring resistor element, the
the present invention. temperature measurement error caused by the Joule heat
For example, at the start of the description of this embodi- generated by the measurement current does not occur even

ment, the dimensions and materials of the electric insulator 55 when a gas such as air existing in spaces in the inorganic
and temperature measuring resistor wire and the materials of electric insulating powder liquefies and solidifies during use

the lead wire, the sealer, the inorganic electric insulating in a cryogenic temperature region, leading to reducing
powder, and the glass powder are described, but the dimen- thermal conductivity. However, reducing the thermal con-
sions and materials of the cryogenic temperature measuring ductivity causes to reduce the response speed of temperature
resistor element according to the present invention are not 60 measurement.
limited thereto. By applying the method according to the present inven-
For example, a ceramic formed by molding a boron tion of preventing the thermal conductivity from reducing by
nitride polycrystal may be used as the material for the mixing glass powder into the inorganic electric insulating
electric insulator 2, and polycrystalline boron nitride powder powder and melting the glass powder to the inorganic
may be used as the inorganic electric insulating powder. 65 electric insulating powder on a periphery of a temperature
The outer diameter of the temperature measuring resistor measurement point (a junction between a positive thermo-

wire is not limited to 20 pm. Further, a low electric resis- couple element and a negative thermocouple element) of the
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sheath thermocouple, reducing the thermal conductivity
caused by liquefaction and solidification of air in the interior
of the sheath can be eliminated, and as a result, a sheath
thermocouple capable of keeping the response speed of
temperature measurement from reducing even during use in
a cryogenic temperature region can be realized.

Furthermore, for a sheath type resistance temperature
detector in which a temperature measuring resistor element
is accommodated in a metal sheath with an inorganic electric
insulating powder, in the case that a cryogenic temperature
measuring resistor element according to the present inven-
tion is used as a temperature measuring resistor element for
using in a low temperature region, by the present invention
method of mixing the glass powder into the inorganic
electric insulating powder on the periphery of the tempera-
ture measuring resistor element and melting the glass pow-
der, a thermal conductivity decrease, which is likely to be
caused by liquefaction and solidification not only of the air
in the interior of the cryogenic temperature measuring
resistor but also air between the sheath and the temperature
measuring resistor element, can be eliminated. This can
realize a sheath type resistance temperature detector which
has a higher response speed in the temperature measurement
and a smaller temperature measurement error due to the
Joule heat generated by the measurement current during use
in a cryogenic temperature region.

The invention claimed is:
1. A method for producing a cryogenic temperature mea-
suring resistor element, comprising the steps of:

preparing a temperature measuring resistor wire and a
housing for accommodating the temperature measuring
resistor wire;

preparing a mixture of polycrystalline inorganic electric
insulating powder and glass powder of an amorphous
electric insulating material with each other, the glass
powder having a lower softening point than respective
melting temperatures of the inorganic electric insulat-
ing powder, the temperature measuring resistor wire,
and the housing;

filling the mixture between the housing and the tempera-
ture measuring resistor wire;
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heating the mixture at a temperature higher than the
softening point of the glass powder and lower than the
respective melting temperatures of the temperature
measuring resistor wire, the housing, and the inorganic
electric insulating powder so as to melt only the glass
powder; and

cooling the mixture so as to solidify the melted glass to

connect particles of the inorganic electric insulating
powder with one another.

2. The method according to claim 1, wherein the tem-
perature measuring resistor wire is made of an alloy of
platinum and cobalt, and has the shape of a coil.

3. The method according to claim 2, wherein the alloy of
platinum and cobalt contains 0.5 mol % of cobalt, and

the temperature at which the glass powder is melted is

460° C. or higher and 520° C. or lower, and 50° C. or
more higher than the softening point of the glass
powder.

4. The method according to claim 3, wherein the inorganic
electric insulating powder includes alumina powder,

the glass powder includes bismuth oxide as a main

component, zinc oxide and boron oxide, and

a mixing ratio of the glass powder to the filler is within a

range of 3.5 wt % to 10.0 wt %.

5. The method according to claim 1, wherein the opposite
ends of the temperature measuring resistor wire are con-
nected with a lead wire,

wherein the housing includes an electric insulator in the

shape of a cylinder having a substantially circular
cross-section, and including two through holes in an
axial direction,

the temperature measuring resistor wire extends through

the through holes, the opposite ends exposing from end
portions of the through holes, the end portions being on
the same side of the through holes, and

the mixture is in a gap between the inner wall of the

through holes and the temperature measuring resistor
wire.

6. The method according to claim 5, wherein the opposite
end portions of the through holes are sealed by a sealer of an
electric insulating material.
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